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. . FREE-FLIG~ I~STIGATICN OF THE STATIC. AND,,DyNAMIc '. ,I. /., ,.. /'. .y ,' 
., ' LONGITUDItiAL S~BILIT&RARAC&ISTICS ,'( '. 9 

'. 
.oF. 317 --SCm:ROCKET-POW&&D,MCDE&; '.'. 

: ., 
', ..: ., (' '.. &  J-J'F .Bm m -77&, " "' ;' ..'\,‘, ;I. , 

., I " ', :, " ,.,.,.. :, ;' : . '. 
.' /, : _ gy:havia i. 'M ichgi':" .' .,.";l,, .'.", " :.- 

,; ,. ', ,. ". ,,.,- ,,"' , ,* ..',,, : ,'. ',: .(, . '. I,, ',, !' ,, ,, : ; ., ,, ,'. 
". ._ ., ,m.' ., :.. .A'( .,, '. SuMMARy ;, :: ' ,: ,:, ,, ,. ,,: ). .' I',, ;:; :,": .: " 

'?' ,: '.. ', ., ', ., 
':An &estigation of the static and 'dynam ic longitudinal stability 

, ,- 
c,haracteristics of- & -scale rocket-powered models of the 'Eel.1 M X -$'i&A‘ . ,I'. 
has, been made Yor a Mach number range from  0;8 to IL’.~..‘:,~,~$KI models.iiere 
tested with 611 control.$urf$ces at d"'deflection and centers of gravity 
located'l./4 and l/2 body diameters, respectively, ahead 'of 'the equivalent 
design location, Doth,models were, stable about the trim 'conditions but 
did not trim  at Oo,angle of-attack'because of slight ,constructlonal 
asymmetries. 1' " ', 

,!, 
The results:'&icated that the.v'ariation of lift and pitching 

moment $s not linear &th angle of attack.. Beth lift&rve slope and 
pitch.ing-moment'cirrve slope,were of, the smallest magnitude'near ,OO'angle ,, ,, i 
of attack. ., ,.. .', 

In general, an increase in angle of attack was accompanied by a I 
rearward movement of.the,a.erodynam ic center as the rear.wing.moved out 
of 'the downwash from 'the forward surfaces. 
more pronounced in the.transonic region. ' 

This characteristic w&s 

.':. .' ,", ', 
The-dynamic stability 'in the:Form  of total damping factor.varied 

with normal-force 'coefficient but pas greatest 'for both models at a Mach 
number-of approximately li25. :,The damping factor was greater.atthe' 
lower trim  normal-force coefficients' exceptat a mch number of 1.0. At 
that speed the damping factor Was of about the same magnitude for both. 
models.. '. 

'B, ', 
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The drag coefficient increased with ,trim normal-force coefficient 
an& was largest in the transo&c region. 

.,. 
': 

IRTRODUC~TION ; :,. 

' At,the'request of the Air'Materiel Command,..U. S. AirForce, the : 
RilotlessAircraft Rese&ch I?ivision of 'the Langley Laboratory hae j 
c&i&&tedan'investigation of. the Bell ~~-776 by'means'of rocket- 
propel& moc%ela'flown at its testing station at WalloRs Island, ?a. 

:As'the 1preliminpiry investigation of the Bell 'Mx-776B had shown the, 
configuration to be'longitudinally unstable at small angles of attack 
'(reference l), a more searching investigation of the.longitudinal 
stability of the Bell Mx-776A, a similar configuration with better ' . 

.8tability,cha~cterlstics,,.~a deemed necessary. Two &scale models of 
1 ,,, I : 

'the';Bbll MX1776B'wer.e modified to simulate v-scale,models of the . 
Bell MX-77&I and' instrumented to measure angle of attack and nor5ual 
ac.celerbtlon. :- . . . 

' 
The investigation of the longitudinal stabliity of the‘Be11 Mx-,776A 

was accomplished by a 'technique which consisted of analyzing the time 
histories of angle of attack and normal acceleration as the model 
experienced short-period osc,illations caused by vertical-thrusting pulse 
rockets during the decelerating portion of the flight. Since the angles 
of attack were'small, ,normal force was considerdd~lift. The investi-' 
gation covered a M&h number.range'from 0.8 to ,1;6J " ~ (4. " ,-. ,. 

.’ ,, ‘. 
,. 

,:’ 

., ,WLS ‘, ‘. ‘. ,. ., ; 

,, : 

. ‘, ‘, 

'M Machnumber :. : 
R _;,:‘I Reynolds number based on body diameter 2 

.; 
V flight-path velocity, feet per second 

s,*,-- , ;-., <.., “rE,.~.‘--Y,“- ,-. .-Li.‘-r -<-, / ,~--. . . . ..-..-.- ywep .-.. ..,. I_, ~._.*._ *<_ . _..,..._.,,~ II. .~.. __ ..^ .” .- ,, 

” 

9 dynamic pressure, pounds per square foot 

,'. 

:'cr- P density, slugs per cubic foot ..' 

63 acceleration due to gravity, feet per second per second 
0 

W weight of modelj pound& 
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psdy frontal area (o.in8 sq ft) sf l 0.e 
1.0 

@;:f 

.Go . et*, o 

body diam eter (0.473 ft) 
. . 

m tient of inertia abotit pitch axis, slug-feet square 

a 

Iy 
ngmal accelerat$on, feet per.secorLI per second 

angle of attack, degrees 
,: '. ,. ', 
period of short-period oscillations, seconds 

an 

.:,. 

,. ,‘! 

.I 

; 

;; ;;> 

,: ,“, 

r ,:‘. 
,, 

‘s. 

‘. : 
:.. 

normal-force coefficient Norma1 fo?ce 
i ) qsf, 

drag coefficient 22z33 
( .I 

', ." 
qsf 

rate of change of 
': per degree 

rate qf change of 

lift coefficient with ar&&f attaok, ,'. 
.. 

.,- ', 
with angle 

'I ,, 
of attack, per 

time todamp to one-half amplitude, seconds 

“n+jd + (&a 
: gy ‘,’ .$y 

total damping faptor, per degree ~ 
‘, ., J... 

., .,. I 
1’ ‘I,.” 

rate 6f change of .angle of attack with tiine, ,degrees. 
,. 

ii 

,’ ., .-,( 

e , I  
;  ..‘~ rate of change 'of angle of pitch with time, degrees " 

de ', :, .per second ;ht .' 
0 

/ 

,',I ., L 
‘. 

. . .  .  .  ,__,. , .  , , . .  ,  ” 

MODELS 

The models used in the subject investigation were $- scale models 
of the Beti M X -776B as described in reference 1 modified to.approxi?m tely 

simulate *scale models of 'the Bel$ M X -776A. 'In order to approximate . 

-^-- 

R 

, . . . . . .._ -. -~--- - -- 
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._, : ~.~ch..n~ber.was-dete~ined by the -use of atmospheric data and 
flight-path velocity. '..:( :i 1 .i '.. 

: r ., 
The values of normal 'accelerationfor the.deceleration phase of 

the flight were obtained from teiemetered records 
reduced to coefficient form by therelationship 

(figs.'6 and 7) and 
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,' 
the Bell&-776A configuration it was necessary to extend the body center 
section 5 inches, to reduce the exposed area of the forward horizontal 
fins, and to, increase the,aspect ratio of the rear vertical fins. The 
modified.models still differed from the Bell MX-776A in that the nose 
tis of an ellipti.cal cross section rather than a circular cross section, 
and the tail section was less tapered. 

., 
The'same propulsion system was used as described in reference 1. 

~ouT:'vertical-~~~sting pulse rockets'&e mo&ted i&er the surface of 
the fuselage ,just.forward of-the rear fin assembly. 'These rockets were ,' 
delayed,to..fire, individually during the; deceleratingportion of the 
flight: .' - 

Figure l 'shows a three-view drawing of the model. The individual ; 
model characteristics are given in table, I. The areas given in figure 1,. " 
'include wing and fin areas:,obtained by extendingthe leading and trailing!, 
edges to'the center line.' The-center of gravity shown in figure 1 
corresponds'approkimately to the design'full%cale. location. The centers 
of.gravity of the tested models were located for&rd of this point as 
indicated intable I,;,,:. Photographs of one of, the models are shown in, fibtieii. 2-':+.$' 4; ,, : .,,, - : I,, ,’ 

,’ 1 .,. 

,. 
r&STS’ ,,‘) “,. 

‘, “,.’ 
I’ 

8 

The models were'launched from a rail-type launcher (fig.:j) ,set at 
an elevation, angle of approximately 6@: Flight-path velocity and 
atmospheric data were obtained by Doppler radar andradiosondes as in 
reference,l.' Both~ihddels'were equipped with two-chtiel nose-type 
teiemeters that transmitted continuous kgrials of normal acceleration 
and angle-of 'attack (reference'2):'.totwo ground st&tAo&. A plot of 
Reynolds number.against ~ach.number;'shown in figure' 5,' indicates the 
scale of the tests. :'1' ., .'.I 

.~' .' ,( .: ., ', .' 
. I . .  

iEi&IOi C$DATA 
:,,: ,'.,, ._ 

;'.,. .,. 
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Since the angles of attack were small, norm1 force was considered 
lift. The telemetered records show one modei to trim at positive angles 
of attack and the other to trim at negative angles of attack, but as the 
modeis were symmetrical the direction of trim is meaningiess and was 

I considered as positive to simplify subsequent figures. The rate of 
." change of the l@t coefficient with angle of attack was determined by 

graphically measuring the slope of a plot of CN against a from data 
.', ;;, corrected for.flight-path curvature and rate of pitch. 

.,' .: 
,The periods-,of the short-period oscillations were determined from I ,."the time histories'ahd u,sed to evaluate static longitud&a.l stability 

by"the'following equation:. ).. ,' .: ), ',. -_ ,' 
.‘ ,' ,'. I I..' ,.;t .' ._ ., ', __ (,. ,,.' " ; _' ,. ', 

.'.', - :: ~ : ,. .The aerodyn&$ccenters: for,the,flight,conditions were found by 
,:; 1 ,. '(, ,. '. ,. '2,' :: _ : ., 
y7: ,, : ,!. ; ;:. -. ,. : ,s,ubtracting,the .sta4id:'~rgin,,;',expreesed as 
j.,.. '. (, :::, " ;, ;' ,., _,'<" .,,.., '-' ., ,c; , i.,:., 

,,. .' .' 
:',..* 

.:i.appropri~te~cehter-of;l,~avity 'lo&&~. 

._,.. . ,._' 
.' : ,,. 

': The t&e to.damp to one-half amplitude'was determined by first ,( ,, '., - '~measur$g the amp'iitude of two adjacent peaks from the trim line and 
,ah$lying the fol&ing equation: 'I 
.., 

.I; ‘.’ 
.L .,T;,2 J+93P : . . 

‘, .; 
_’ ,‘, ., Al .'.,, .,,' 
j.:, _’ :,, 

235-- ‘., 
.Li ‘. () ,A2 

,. :. 
.’ ..’ 

where 'Al -, and A2. are the amplitude of peaks of either CN or a.' 

! 
..; 

'The nondimensional damping factor was determined by the relation- 
- -. ship : 

m ~,.,, , ^,, _. . . ..L. ,_ _  _. _  
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A more complete analysis of the methods for the reduction of this 

type of data is found in reference, 3. Also, a discussion of the accuracy 
of this type of investigation is found in reference 3. 

The values of. drag were obtained by the differentiation of the curve 
of Doppler flight-pathvelocity against time.' .- 

RESULTS AND DISCUSSION : 

I' 
',. ,,. ., &IF-t 
'. 

The values of trim normal-force coefficient varied with Mach number' 
a.nd.center-of-gravity location (fig. 8)'.' Because of low stability 
near 0' angle, of attack, -slight constructional asymmetries caused the 
trim normal-force coefficients .-to be of appreciable values. W ithLIthe 
center-of-gravity'locbtion at station 38;‘6 (model A), trim CN' increased 
from 6.5 at subsonic speeds'to.1.2 at a,Mach'number of 1.62 a* then 
gradually"..,decreased to'"b.5 at s~ersonic“speeds. .:An.errati.c change 
in trim Fjl~.~~~ed,.betWeen,~O.43,.and 0.96. ..:.With thecenter' of gravity ', " 
:located,at~station 40.4 (model B), 'trim CN' varied:from ,l.O at subsonic 
speeds to 3;C‘at-'a M&ch number of 0.975,,decreased to'approximately 1.6 .. 
at.a Mach number:of 1.35, and then gradually increased to 1.7 ata Mch ." 
number of'l.. A. slight change in trim occurred,around a Mach number 
of' 0.85.: : . " .,' 

Lift-curve slope varied with Mach.nu&ber and::~C~...(fig; 9). For 
both low.,(model A) and high (model D)..values,of I&&, CN,,the lift-curve 
slope ,was at 'am&mum at a Mach number of'approx&$,ely 1..25. At this 
Mach number, an'increase -in trim CN ,from::;$.;65, to-l.65 was,accompanied 
by an increase.in .,. ,' CLc'.,ifrom ,C;70. to 0.88. -:':Beldw this Mach, number,, 2. '2 ,, 

'%& 
fell off gradually 'to 0.55 (low CN):'&d C.65 (hi& 'CN) at'a.,Mach : & 'i# '. v$#sG:, I. numberof 0.8: These'values agree favoz&@&'wit,h.low subsonic values' 

of CL; . from Langley Stabi,~ity-Tunnei:~~~~~s:.-(refereno;e:, 4):t:~z As the 
,; ;: , :~:$$l$p ,: , ',' .,;' 

Mach number increased-a&&.:1.25, C~.@ecreased -toYvalues. 0f 0.51 

'(low CN) and 0.8d (high CN) at a ~~~~~~ber'~~':~~j','which are "in -. . . ,...,~._. ._ _ ._ ", _. - 
fairly good agreement with data'& 'a'Mach number'bf 1.72 obtained at 
the Supersonic W ind Tunnels Laboratory, 
(reference 5). 

Aberdeen.Proving Grounds, Md., ', . . ,,;: , ..- '. .', .i.f-7 i, 
The increase of lift-curve slope with CN or angle ofzattack 

'probably is due to an increase in rear-wing efficiency asqhe <wing moves 
into a weaker region of downwash. ,1- I. 
.I 

- .. 
: . 

. . ., ,,. :: _‘“:l : 
,, ““” ” . . . ::&..: ..<, 
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&atic Longitudinal Stability" 

Periods of the short-period oscillations (fig. 10) were used to 
obtain values of pitching-moment-curve slope (fig.. 11) which in turn 
were used with lift-curve slope and center-of-gravity locations to 
determine aerodynamic center (fig,. 12). Considering the center of gravity 
to 'be at the design location. the dataefor model.' A ,tidicated that-the 
static 
anda 

a cN 
of 1.4 

.; static 
'hnd ,a 
of '3.0 

_, ,@d 6; 

.-, .-' 

margin varied from 0.65 body d&meter at a Mach numberof 0.8 
CN. of 0.5 to 0.1 body diameter at a Mach number of 1.0 snd 
of 1.2, and, then increased to 0.65: body diameter at'a Mach number 
and a CN of 0.5.' .The data from:model B' indicated that.the 
margin varied from 0.65 body diameter .at a.Machnumber of 0.8 ' 
CN of 1.0 to 1.0 body diameterat a Mach number of 1.02 and a CN 
and then decreased to 0.65 bdd$“diameter at a-Mach number of, 1.5 

,‘<:‘A 
; .‘,..,_/ j . . 

I_ canbe 
by“ the 
1~ the 

..’ : 
.I 

‘4  
I. 

.,’ 

-2 (’ '.+iamic Longitudinal~ Stability ,.& ' 'Tg;' 
q&&tative evaluation of the.dyr&&c ,stabiiity of the two models 

11’ by,‘&’ $fi&&c~&‘~f “*he s&&t’-$&iod. o&cil&~i& ,produced 

p&l& rockets (figs. 6 "and 7): ;" The pulse rocket 3s thrusting 
firstO.l.2 second;from the b,egiting of the,disturbance &this 

part of the"osci~Iat~on should be disregarded.,:,,. ,' :a,: ,, 

.- . - 
‘+.$, $ :1.,6. ,;,, ‘,,,,, .,;ij,‘. ,’ : , ,’ ] 

_, 
,c.: 

Both models appear to be~~dynamically stable in the,'superso,nLc range. 
-The disturbance of model A (fig.' 6) at 6.77' seconds ‘(approx. a Mach. 
number of 1) apparently produced an unstable osci$&ation before it 

,, 

damped out. P!oth the fact that the pulse rocket w& thrusting during 
most of the unstable portionof the ;osciQa!t$on and"the possibility 
of erratic trim changes at this'Mach number~~forestall a conclusion, of 
dynamic instability. 
damped. 

The subsor$c oscillat$on for this model was well :.. .,. . . ,,.,' ; Y'?,; / " 
.' : -5;. 

The tra&onic~oscillat~ons of mode~~~$were well d&pea about a 
rapidly changing trim line,.', The subson@~%scillatfon ,&s poorly damped 
for the first cycle but then decayed .&!p%@y. ,,-.:,~-:,~., '~ !-',: II 

'CL '., :/ '. .&&@. ,. ':, y: ,: ,..'. . .*':, -;. 
The variation of time to damp to:&&-half +&Litude~~ith Mach 

- ,, ..- ,number under model fl-ight -cor&t?&ns-Jis ,,prese,n~ed,-~,~.,f'i.gure- 13. The 
total damping factor (fig. 14) varied with norm&i-force coefficient 

: : .., 

and Mach number and was largest for, both models at approximately a Mach 
number of -1.25. l$xcept near a Mach number of 1.0 the 'dampingfactor was 

'larger for model A. At a.,Mach number of 1.0 the damping factor was 
of about the same magnitude for both models. The equationfor the tot& 

_.. . ,:, . . 
: ,; 

.: : .:.a’... . 

damping factor consists of two parts: a negative quantity containing, Tli2 

- 

,; 
,’ 
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. . . . and a,positive quantity containing' CL. In general, the quantity 
was of'approximately twice the magnitude of the : con*,Fing ‘51~ 

1 quantity'~containing CL& : 
: '..; : ", 

', '. '. : ,. Wag ', 
7. 

.~ :. .(' The dt&co,efficient for the configu~tionincreas.ed with 'CN and 
'. .,' was~largest in the,transo,nic 'region (fig. 15);'... : . ,, 1.) /, : ,. 

'... , ': ._ '. ,.' ,.' ,' '., ,1 '; ,, ,: _, ,, " i. .' C(jN@&'fS~ 
'. 

'I', _I" "'. ,..' : 
,. ,." I, '. I ,_ ." . ,,', 8,. ./ '. 

,:. A free-7fligh-t invest~igation'of the~static and dynamic longitudinal ',, : .,- ';.:, ., : ', '_ ., _, '1 
stability c,haracteristi& of. 

a, ,' 
'* :: .,:" ,:., --scale rocket-powered models 'of 'the 

,- 

,307 
Bell MXr7&& indicated the,follo&g conclusions: 4.. I" 

,,' " 
l',., ',a '. " '. 
$8,. 1.1. _.j ,.'v:;,‘( T: ,,y ' : ', .,, 
!@' ,. .' . :5@ L _'. 
fij, .I 

1: '.~~~~-ail,c~~~rol,surfaces atOo:deflection the configuration,~'.: 
~s.:longitudinally 'stable when trimmed in free flight with,'the center, 

r "$'- of',gravity8:~iocated:'l/4 and l/2 body diameter ahead of the design .location. 
f!$ r 

;.:;,., .; : ', ,' ;, .' .' . I, 
::;J ': 2. ,T& variations of lift and pitching moment wIi,th angle of,'at&ck 1'. i . "' /,, were notlinear,, both,being at a minimum near~:.C",,a&le: of. attack. T+is ', 
:: : nonlinearity was 'mo'stpronounced inthe ,tr,ansonic5region. ; ', .,:: '3' ,, .,: ',. '.. ;1 ., ‘,, .'.. 
/ '. ." .: j.'.,The damping was*.at .a 

i / .'. . . . 
',. 'I z, .; '.., I, :,., .! /. .L. 

Langl,ey Ae.ron&itical Laboratory !: j. O' 
National Advisory Committee'for 

l, Langley Air.For.ce B&se, Va. 

,', 

,. 

Approved: 
~. '.. Chief of Pilotless Aircraft Research.Iiivision ..:: _ !-' ,/ 
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